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Apparatus for creating a local redaction in wave height. 



The installation and maintenance of offshore structures such as wind turbines and 
wave energy extraction systems are effected by the ocean waves at the work site 
c ausing floating vessels to move. The time taken to wait for calm conditions to 
permit safe operations is expensive and damaging to the productivity of, tor example, 
installing large numbers of machines, which constitute an offshore wind or wave 
power station. These vessel morions can also cause dangerous conditions to develop 
dar ing lifting, assembly and access operations. It is also mcreasingry recognised that 
prolonged work at offshore locations can have a damaging effect on wfldufe at the 
work site which is not used to human presence and activity. 

This has lead offshore wind farm developers and others to propose large jaok-up 
IS vessels to remove or avoid the effects of wave motions on vessels required to work at 
a n oflfehore work site by jaoking tiie vessel partially up or lifting it clear of the sea 
surface. Several wave energy projects have been delayed by wave action in the 
construction / installation phases. 



10 



20 This present invention seeks to produce a temporary floating wave energy absorber 
which, when deployed in front of the vessel undertaking works such as installation or 
maintenance, provides a reduction in the wave height in the area of the work vessel. 
This so-called wave shadow of calmer water permits the marine operations to be 
' conducted by a much cheaper floating vessel in a safer environment without the costs 

25 associated with waiting for calm offshore conditions. 



'Prior Art 



US Patent No 2^88,171 - dated 30 Oct 1945, describes a series of floating blocks to 
30 provide wave protection. The blocks are anchored to the sea bed. Protection is 
provided by a combination of drag and reflection. 
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US Patent No 5*702,203 - dated 30 Dec 1997, describes a floating "V* shaped 
breakwater which provides protection by deflecting the incoming waves. 
US Patent No 3,969,901 - dated 20 My 1976 describes a floating breakwater which 
. act$ to reflect the wave energy* 
5 US Patent No 3,952,52! - dated 27 April 1976* describes a portable Soafeg wave 
tripper which acts to cut the wave into sections disturbing the flow 
US Patent No 4 a 468,151 - dated 28 Aug 1984, describes a fixed structure for 
damping sea waves as they approach a sea wall. 

US Patent No 4,027,486 - dated 7 June 1977, describes a floating breakwater which 
10 acts to reflect the wave energy. 

US Patent Application No US 2002/0085883 Al dated 4 July 2002, describes a 
floating breakwater which acts to reflect the wave energy. 



15 Many of the prior art designs rely on reflection of the wave energy as the waves 

impact on structure. In large waves and storm conditions the amount of e&etgy in the 
wave can cause damage to (he structure, or can require the design to be prohibitively 
expensive. Several of the designs rely on uxuitiple anchors to hold the breakwater in 
position which is inconvenient and potentially time consuming during installation. 

20 Some prior art designs utilise large elements which need to be fitted together to 
provide the breakwater. This can take a significant amount of time* making such 
systems unsuitable for temporary installations. Commonly the prior art uses 
structural toass to provide reaction to wave-imposed forces which in turn requires the 
breakwater to be heavy and thus cumbersome to transport and store, 

25 

The invention seeks to provide a method and apparatus for the deployment at sea of a 
Structure which acts to reduce the wave height by inducing viscous drag between the 
structure asd the citcylatdng water molecules as the wave travels along. The 
apparatus is desirably collapsible and may be either buoyant, semi-bucyaat or non- 
30 buoyant and suspended at set depth in the water column. The apparatus broadly Jakes 
the form of one or more mat-like structures (her^mafter "mats") and the width of th,e 
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or each mat is typically deployed at 90 degrees to the predominant wave direction. 
That is, its length (i.e. major dimension) is disposed generally parallel to the 
predotnittftfc wave direction. The mat(s) is (are) deployed off a suitable structure to 
ensure the waves pas$ under the leading edge. In preferred arrangement^ the drag 
5 induced by fhs movement of the waves trails the mat out in the direction of wave 
movement Once the wave starts to pass uader the mat viscous drag between 
submerged elements of the mat progressively removes the potential and kinetic 
energy in the wave, so reducing lhe wave height. 

10 It is anticipated that a typical mat maybe 50 to 100m long and work over a width of 
wave front of about 1 00m. The wave shadow behind the mat is estimated to be 100m 
loflg before diffraction will cause the wave front to re-establish. 

The apparatus of the invention removes energy progressively and in a self limiting 
1 5 way. Limiting the storm loading and providing a more cost effective design. The 

apparatus of the invention further makes advantageous use of drag fiom the waves to 
hold it m the correct orientation. This makes installation quicker and more suitable 
for short t$a& and temporary operations, The mat forming the apparatus of the 
invention can be stored On suitably arranged rotary storage reels. Once in location the 
20 mat is unwound onto the sea surface. When in storage on the reels the mat volume is 
minimised by the structure collapsing. In this way temporary use of the apparatus of 
the invention at a given location is both quick and cost effective. 

hi a preferred arrangement, during operation the shape of the mat can be maintained 
25 using water pressure in closed structures, e.g. sealed flexible structures, across and 
along the length of each mat. This encapsulated water also provides mass to the mat 
to help maintain shape and correct operation of the drag which is induced. This mass 
ean be removed during transport end storage by draining out the water. 

30 Pumped water may be jetted out fiom the toat into the wave to further disrupt the 
wave circulation and reduce the wave height Shapes maybe added under the mat 
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structure to increase the surface area and complicate the flow path for the water 
molecules in the wave. This may include but not be limited to:- 

a multiplicity of self inflating drogue anchors; 

a multiplicity of pumped water inflated shapes to increase drag and flow path length 
under the mat; 

surface coatings on the mat and the inflated shapes to provide increased drag action. 
This could be bristles, shapes or fronds. 

It is possible that the apparatus could be deployed in 20 or 30m wide mat strips to 
teduce the weight of each section, The drag action of the wave as it passes away ftom 
the deployment / anchoring stmcture win keep the mat spread out over the surface of 
the water. 

The uses of the invention may include but not be limited tor- 
Short term protection from waves for shore, near shore and of Shore work where 
waves and vessel motions limit operations; 
temporary harbour for loading and unloading equipment at sea; 
short term protection for beach landings of personnel and/ox equipment; 
offshore wind turbine installation, maintenance and decommissioning; 
wave power equipment installation, maintenance and decommissioning. 

For a better understanding of fee invention,, and to show how the same may be 
carried into effect, reference will be made, by way of example only, to the following 
drawings in which: 

Figure I illustrates schematically the deployment of an apparatus according to the 
invention from a vessel so providing a "wave shadow" for a work vessel; 
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Figure 2 shows a the deployment vessel and apparatus according to the invention on 
a larger scale; 

Figure 3 shows schematically a series of mat structures according to the invention 
5 deployed from a vessel; 

Figure 4 shows schematically in detail the construction of one embodiment of the 
apparatus of the invention; and , 

10 Figure 5 shows a schematic view of the underside of one embodiment of the 
apparatus of the invention. 

Referring now to the drawings, the s&al-Kfce stmctwe (10) of the invention is initially 
retained on a storage reel (12) on, a deployment vesseL (14) ox other suitable structure. 

15 The mat structure (10) is deployed in a chosen location to provide in use a wave 
shadow (i.e. an area of calmer water where the wave height is reduced) for a wort 
vessel (16). The mat structure (10) is deployed in this embodiment at the water 
surface. As can be seen from Figure 3, the apparatus of the invention may comprise a 
plurality of a^aeetfly located mat stmctores (lOa-lOd) deployed from abaige (IS) to 

20 provide a desired width for the wave shadow area. 

Figure 4 shows an earibodfrnemt of the apparatus of the invention which comprises a 
series o£ floatation elements (20) which may take the form of individual rigid or 
semi-rigid sections or may alternatively comprise a substantially continuous sheet of 

25 flexible floatation material. Longitudinal water pipes (22) act to provide structural 
shape and mass to the apparatus, as do transverse water pipes (24). Of course, these 
pipes (22, 24) could be filled with a fluid other than water, but water is more 
convenient. Disposed under the Soatafloii eisments (20) are shaped elements (26) 
which xxiay be self-inflated ot pressurised (allowing them to bo collapsed when in 

30 storage) and which act to increase the water flow ^path (Le. its length aad/or 
complexity) and SO increase drag on the apparatus, Flexible strain members (28) are 
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provided to cany drag forces from the collapsible underwater shapes (26) into strain 
members in the mat structure (20) and this to the deployment vessel (14), 

Figure 5 shows an example of an underside structure of a mat (10) according to the 
5 invention including a plurality of shaped elements (26), The surfaces of these shapes 
arc preferably covered with structures which act to increase drag of passing water 
molecules. These structures may, for example, be bristles or fronds. Alternatively, 
fhe shaped elements (26) may be absent with the underside of the mat (10) directly 
covered (at least partially) wifli drag-increasing bristles, fronds or the like. Flexible 
10 stain members (28) are disposed beneath the shaped elements (26) in a reticulate 



In other embodiments of the invention the shaped elements (26) may be replaced, at 
least in part with a plurality of layers of reticulate material such as fishing net 
15 suspended below the floatation elements (20) so that drag is provided by water 
passing in atjd out of fiho net weave. 

In another alternative embodimest the shaped dements (26) may be replaced, at least 
in part, with a series of drogue anchors coaostructed from a flexible material. As a 
20 wave passes a drogue anchor, the water molecules flood the parachute of the anchor 
causing it to open out and so providing increased drag and an increased water 
molecule flow path. 



structure. 
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Figure 3 
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Figure 5 
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